and anesthesia in a neonate, especially those aged less than 2 months, may indicate an infectious problem either related or unrelated to the operative and anesthetic techniques. We report the first documented occurrence of aseptic meningitis in an infant after spinal anesthesia. Because of the infant's underlying status and recent life-threatening illness, it was not possible to definitely prove a causal relationship between the aseptic meningitis and the spinal anesthetic. Although no definitive treatment is necessary, the recognition of aseptic meningitis may avoid the prolonged and indiscriminate use of antibiotics if the fever is attributed to other sources. cellular cyclic guanosine monophosphate (cGMP), which stimulates smooth muscle relaxation. Phosphodiesterase type 5 (PDES) is found in high concentrations in the lung and contributes substantially to cGMP degradation within vascular smooth muscle.' Abrupt discontinuation of NO may be complicated by life-threatening events, and phosphodiesterase activity may play a role in this phenomenon.* Sildenafil (Viagra; Pfizer Laboratories, New York, NY) is a potent and selective inhibitor of cGMP-specific PDE5, the predominant isoenzyme that hydrolyzes cGMP in the corpus cavernosum.' We hypothesized that sildenafil may potentiate pulmonary vasodilation with NO or ameliorate the deleterious effects of abrupt discontinuation of NO by increasing intracellular and circulating cGMP, preventing rapid depletion of cGMP when the gas is withdrawn.
Case 1
A Gweek-old 3.1-kg female infant with coniplex bilateral pulmonary vein obstruction underwent surgical resection of an obstructive meni- , Buckinghamshire, United Kingdom) from a sys temic artery increased from 12 pmoVml at baseline to 28 pmoUml with NO. Subsequent attempts to withdraw NO were associated with a rapid increase in pulmonary artery pressure, systemic hypotension, and oxygen desaturation. After the third unsuccessful attempt at withdrawal, NO was reinstituted, and a I-mg dose of sildenafil was administered through a nasogastric tube. This dosage was approximately one half of the weightadjusted dose for an adult (50 mg for a 70-kg man). Ninety minutes later NO again was withdrawn with minimal increase in pulmonary artery pressure, which remained stable over 30 min ( fig. 1 ). cGMP nearly doubled after sildenafil administration (28 pmoVml to 45 pmoVml) and remained elevated after NO was withdrawn. NO was restarted to maximize clinical recovery, and the patient was later weaned without incident.
Case 2
A 3.5-kg newborn female infant with infradiaphragmatic total anomalous pulmonary venous connection that was obstructed underwent Fig. 1 . Continuous trace of systolic, mean, and diastolic systemic blood pressure (BPI and pulmonary artery blood pressure (PAP) recorded every minute. Withdrawal of NO initially (Wl) rapidly produces pulmonary hypertension, systemic hypotension, and a 10% decrease in cyclic guanosine monophosphate (cGMP) after 2 min. A 1-mg dose of sildenafil causes mild additional pulmonary vasodilation and dramatically blunts the pulmonary hypertensive effect of NO withdrawal 90 min later (W2). cGMP levels nearly doubled from baseline and remained above baseline levels for 30 min after sildenafd surgical correction on the day she was born. Systemic hypotension, low cardiac output, and pulmonary hypertension complicated the initial postoperative period. NO was administered via inhalation and immediately reduced mean pulmonary artery pressure from systemic to half-systemic levels; it was continued at 20 ppm. On the third postoperative day after failed withdrawal (mean pulmonary artery pressure increased to 40 mmHg within 3 min), NO was reinstituted, and 1 mg of sildenafil was administered via a nasogastric tube. NO was withdrawn 70 min later with only a mild (6 mmHg) increase in pulmonary artery pressure (peak mean, 28 mmHg). This pressure remained stable for 1 hr. cGMP levels were 19 pmol/ml on NO before withdrawal. One hour after NO reinstitution at 20 ppm and sildenalil administration, cGMP was 30 pmol/ml. cGMP remained greater than initial baseline levels at 15 (29 pmol/ml), 30 (24 pmol/ml) and 60 (23 pmol/ml) min after NO withdrawal.
Case 3
A 4-month-old 4.1-kg male infant with severe bilateral pulmonary vein stenosis after neonatal repair of supracardiac total anomalous pulmonary venous connection underwent surgical revision. Postoperatively, the patient had moderately elevated mean pulmonary artery pressure, and a trial of NO was administered. Mean pulmonary artery pressure decreased from 27 mmHg to 19 mmHg with NO at 80 pprn, whereas cGMP increased from 27 pmol/ml at baseline to 135 pmol/ml.
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Administration of NO was continued at 20 ppm. Three daily attempts to withdraw NO with the immediate appearance of suprasystemic pulmonary artery pressure resulted in failure. After the third failed attempt, a 1.1-mg dose of sildenafil was given via a nasogastric tube; NO was withdrawn 70 min later. Again, there was an immediate increase in pulmonary artery pressure with a time course and amplitude that was nearly identical to previous withdrawal attempts. However, cGMP levels showed that sildenafil administration caused only a slight increase in cGMP (from 19 to 22 pmol/ml). Presumably, because gastrointestinal absorption was a known problem in this patient, poor absorption hindered the effect of the drug, and placement of a jejunostomy tube for feeding was subsequently required. NO was again started, slowly weaned over the next week, and ultimately discontinued from 1 ppm after 16 days of therapy.
Discussion
Rebound pulmonary hypertension caused by withdrawal of inhaled NO was markedly attenuated in two patients by increasing cGMP with sildenafil. In a third patient with poor gastrointestinal absorption, cGMP levels did not increase with sildenafil, and rebound pulmonary hypertension was not blunted. Rebound pulmonary hypertension is not unique to inhaled vasodilators, but its causes are unclear. Mechanisms underlying the adverse effects of NO withdrawal may involve reduced production of endogenous NO and reduced capacity to generate quickly cGMP when exogenous NO is discontinued.* Negative feedback inhibition by exogenous NO has been postulated to account for this observation5 and has been demonstrated to exist for inducible' and endothelial' NO synthase in vitro. Decreased endogenous production of exhaled NO from smokers could also support a negative feedback theory.' PDES inhibition augments and prolongs responses to NO in animal models and increases the release of cGMP.~ Dipyridamole, the only PDES inhibitor thus far described in humans, attenuated increases in pulmonary artery pressure after NO withdrawal following cardiac surgery. This may be related to inhibition of vascular smooth muscle cGMP degradation, although that was not confirmed with cGMP measurements.2 However, dipyridamole has nonspecific effects and may also block adenosine reuptake in endothelial cells and erythrocytes. Dukarm et a1." showed that systemic hypotension is a limiting feature of dipyridamole when used in a lamb model of persistent pulmonary hypertension of the newborn.
In cases 1 and 2 , we confirmed a near doubling of circulating cGMP using the newly available, more specific PDE5 inhibitor. In case 3, there was not a significant increase in cGMP after sildenafil administration. Because the latter child had generated a fourfold increase in cGMP from baseline when NO was initially begun, we were inclined to attribute the inability to attenuate the NO withdrawal response to poor drug absorption and failure to effect an increase in cGMP. Although cGMP is an intracellular second messenger, the precise source of plasma cGMP is unknown. However, our preliminary observation demonstrates an association between a successful increase in cGMP level and the blunting of the pulmonary hypertensive response to NO withdrawal. This study may support the important role of the phosphodiesterase system in the genesis and treatment of pulmonary hypertension.
We speculate that exogenous NO produces a negative feedback inhibition of NO synthase activity with a rapid reduction of pulmonary vascular smooth muscle cGMP when inhaled NO is abruptly withdrawn. Preliminary animal studies suggest that there is indeed a reduction in NO synthase enzyme activity but not gene expression, * consistent with the short duration of rebound pulmonary hypertension that we previously described in this population of patients with total anomalous pulmonary venous connection.12 Alternative strategies aimed at increasing cGMP may facilitate withdrawal of NO. PDES inhibitors may be useful when NO is incompletely effective, when NO delivery must be interrupted for patient transport, or to assist in weaning from prolonged NO therapy. Sildenafil as an oral pulmonary vasodilator alone or in conjunction with NO merits further evaluation. Carefully designed studies of its possible therapeutic use and potential toxicity in the pediatric population may be warranted.
We do not advocate casual "off label" use of sildenafil as an oral pulmonary vasodilator, especially in children. Caution must be taken in patients who might have high circulating levels of cGMP, such as those with sepsis in whom small concentrations of a PDES inhibitor may precipitate signrficant hypotension. Sildenafil is contraindicated in patients receiving oral or intravenous nitrates, in whom refractory hypotension may ensue. Sildenafil is eliminated primarily by a hepatic route and is converted to an active metabolite. Both forms have terminal half-lives of approximately 4 hr in human adults. Patients with hepatic dysfunction and those taking drugs that interact with the cytochrome system may have reduced clearance of the sildenafil. Other limitations and unknown side effects must be carefully considered before using this drug.
